METHOD FOR FABRICATING GROUP Ill-V COMPOUND 

SEMICONDUCTOR SUBSTRATE 



^ BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a method of semiconductor substrate 
fabrication, and more particularly, to a method of Group lll-V compound substrate 
fabrication. 

2. Description of the Related Art 

The performance and lifetime of semiconductor devices such as laser diodes 
or light-emitting diodes are determined by their constituents and are greatly 
influenced by base substrates on which devices are integrated. Many approaches 
to manufacture high-quality semiconductor substrates have been made. With an 
increasing interest in Group Ill-V compound semiconductor substrates, the 
fabrication of a GaN substrate, which represents the Group Ill-V compound 
semiconductor substrate, has received considerable attention in recent years. 

The key to fabricate a high-quality GaN substrate is to reduce the defect 
density in the GaN substrate. Also, the overall fabrication process should be 

simplified at low cost. 

A general method of GaN substrate fabrication involves growing a GaN layer 
on a sapphire substrate and removing the sapphire substrate. As the thickness of 
the GaN layer grown on the sapphire substrate increases, the defect density in the 
GaN layer tends to decrease. For this reason, there is a need to grow the GaN 
layer on the sapphire substrate as thick as possible. 

A hydride vapor phase epitaxy (HVPE) method, which has a relatively high 
growing rate, sublimation method, and metal organic chemical vapor deposition 
method are effective to grow a thick GaN layer on a sapphire substrate. However, 
the MOCVD method has too slow a film growing rate to grow a GaN layer having a 
thickness of tens of micrometers to a few hundred micrometers although it provides 

a high-quality GaN layer. 

In a conventional method of fabricating a GaN substrate by HVPE, a silicon 
oxide layer is formed on a sapphire substrate as a mask, and a GaN layer is grown 
thereon by epitaxial lateral overgrowth (ELO) (referred to as a "first method" below) 
Alternatively, as shown in FIG. 1 , a thick GaN layer 12 is directly grown on a 
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sapphire substrate 10 without using a mask (referred to as a "second method" 
below). 

In the first method, it is difficult to form a wide, thick GaN layer because stress 
is unevenly exerted on the GaN layer grown on the sapphire substrate. In the 
second method, because the sapphire substrate 10 and the GaN layer 12 have 
different thermal expansion coefficients,, stresses act on the sapphire substrate 10 
and the GaN substrate 12 in different directions, as shown in FIG. 2. In FIG. 2, 
reference numeral 10a denotes a tensile stress in the sapphire substrate 10, and 
reference numeral 12a denotes a compressive stress in the GaN layer 12, which 
acts in an opposite direction to the tensile stress. These stresses acting in opposite 
patterns cause cracks in the sapphire substrate 1 0 and the GaN layer 1 2. The 
GaN layer 12 is doped with silicon for conductivity. Accordingly, the GaN layer 12 is 
susceptible to crack due to the internal stress caused by silicon doping. 

SUMMARY OF THE INVENTION 

To solve the above-described problems, it is an object of the present invention 
to provide a method for fabricating a Group lll-V compound semiconductor substrate, 
which is capable of minimizing stress occurrence during the growth of substrate to 
thereby protect the substrate from cracking. 

To achieve the object of the present invention, there is provided a compound 
semiconductor substrate fabrication method comprising: preparing a base substrate; 
forming a first buffer layer on the prepared base substrate; forming a semiconductor 
layer on the first buffer layer; and removing the base substrate. 

It is preferable that, between forming the semiconductor layer and removing 
the base substrate, the compound semiconductor substrate fabrication method 
further comprises forming a second buffer layer on the semiconductor layer. 
Preferably, the second buffer layer has the same structure as the first buffer layer. 
Preferably, the second buffer layer has a doping concentration profile symmetrical or 

asymmetrical to the first buffer layer. 

Preferably, the first buffer layer is formed of multiple semiconductor material 
layers having different doping concentrations. In this case, forming the multiple 
semiconductor material layers may comprise, forming a doped semiconductor 
material layer on the base substrate; and forming an undoped semiconductor 
material layer on the doped semiconductor material layer. More preferably, on the 



undoped semiconductor material layer, the doped semiconductor material layer and 
the undoped semiconductor material layer may be alternatively formed at least one 

time. 

Alternatively, forming the multiple semiconductor material layers may 
comprise: forming an undoped semiconductor material layer on the base substrate, 
and forming a doped semiconductor material layer on the undoped semiconductor 
material layer. In this case, on the doped semiconductor material layer, the 
undoped semiconductor material layer and the doped semiconductor material layer 
may be alternately formed at least one time. 

In the compound semiconductor substrate fabrication method according to the 
present invention, preferably, the first buffer layer may be formed of a semiconductor 
material layer of a gradient doping concentration that increases upwards. Forming 
the semiconductor material layer of the gradient doping concentration that increases 
upwards may comprise: forming an undoped semiconductor material layer on the 
base substrate; and forming a doped semiconductor material layer of a gradient 
doping concentration that increases upwards, on the undoped semiconductor 
material layer. In this case, preferably, the doped semiconductor material layer of 
the gradient doping concentration that increases upwards comprises multiple 
semiconductor material layers deposited sequentially, starting with a semiconductor 
material layer of the lowest doping concentration. 

In the compound semiconductor substrate fabrication method according to the 
present invention, preferably, the second buffer layer may be formed of multiple 
semiconductor material layers having different doping concentrations. Forming the 
multiple semiconductor material layers may comprise: forming a doped 
semiconductor material layer on the semiconductor layer; and forming an undoped 
semiconductor material layer on the doped semiconductor material layer. 
Alternatively, forming the multiple semiconductor material layers may comprise: 
forming an undoped semiconductor material layer on the semiconductor layer; and 
forming a doped semiconductor material layer on the undoped semiconductor 
material layer. In this case, on the doped semiconductor material layer, the 
undoped semiconductor material layer and the doped semiconductor material layer 
may be alternately formed at least one time. 

Alternatively, the second buffer layer may be formed of a semiconductor 
material layer of a gradient doping concentration that increases upwards. In this 
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nr|rr pcgrplPTinN OF THF DRAWINGS 
The above object and advantages of the present invention will become more 
apparent describing in detail preferred embodiments .hereof with reference to .he 

^T::^ -rating a conventional Ga» substra, fabrication 
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RG, 2 is a sectional view illus.ra.ing a problem of .he conven.ional GaN 

substrate fabrication method of FIG. 1 ; 

RGS 3 and 4 are sectional views illustrating each step of a method of o 
„,V compound semiconductor subs.ra.e fabrioa.ion according .0 a preferred 



embodiment of the present invention; 

FIGS. 5 through 8 are seotional views illustrating each step of a ftrst method 
o, firs, buffer layer formation according to .he Group lll-V compound sem.conducfor 
substrate fabrication method of FIGS. 3 and 4; 

FIGS. 9 and f 0 are sectiona, views illustrating each ,ep o, a second mefh 
o, firs, buffer layer formation according to the Group lll-V compound semrconducfor 
substrate fabrication method of FIGS. 3 and 4; 

FIG 11 is a sectiona, view illustrating a third method of f.rst buffer layer 
formation according to the Group l.l-V compound semiconductor substrate 
fabrication method of FIGS. 3 and 4; 

FIG 12 is a sectional view illustrating a fourth method of second buffer layer 
formation according to the Group lll-V compound semiconductor substrate 

fabrication method of FIGS. 3 and 4, and substrates 
FIGS 13 and 14 are photographs showing the topology of GaN substrates 
manufactured in an experimental example according to the presenf invention and 
"ing a conventional method, respectively, which have a 2-inch d.ameter and 
300-^m thickness. 

nPTAII ED D ESCRIPTION ™ INVENTION 

Preferred embodiments of the present invention now will be described more 
fully with reference to the appended drawings. In the drawings, the thickness of 
lavers and regions are exaggerated for clarity. 

V Referring to FIG. 3, a f,rs, buffer layer 42 is farmed on a base substra* 40 
relief stress Before .he formation of .he first buffer layer 42, .he surface of me base 
It e lo is .reated. The base subs.ra.e 40 is formed o, a sapphire substra a r 
s con carbide (SiC, substrate. Subseo.uen.ly. a semiconductor layer 44 ,s*»m d 
on the firs, buffer layer 42. Here, the semiconductor layer 44 ,s formed as th.cK as 
po L to masK a subseguen, separation from the base subs.ra.e 40 easrer an 
—e .he growth of crystalline defects. The semiconductor layer 44 ,s formed of. 
M no. limited .o, a compound semiconductor layer. AUernaUvely. .he 
semiconductor layer 44 may be formed of a non-compound sem.conductor layer. 

^naffer, the semiconductor layer 44 will be referred to as the compound 
semiconductor layer 44. However, i. will be appreciated the. .he followrng 
description can be applied to non-compound semiconductor layers. 



In forming the compound semiconductor layer 44. conductive impunty tons, 
such as silicon ions, are implanted into the compound semiconductor tayer 44 to gtve 
conductivity. The compound semiconductor layer 44 is preferably formed of a 
Group lll-V compound semiconductor layer, more preferably a GaN layer, 
second buffer layer 46 is formed on the compound semiconductor layer 44. 
Formation of the second buffer layer 46 is optional, but it is preferred. 

After the formation of the second buffer layer 46 (or after formation of the 
compound semiconductor layer 44), the base substrate 40 is removed to complete 
formation of a conductive compound semiconductor substrate. Preferably, the first 
buffer layer 42 is removed until the entire surface of the compound semiconductor 
layer 44 is exposed, as shown in FIG. 4. 

The first and second buffer layers 42 and 46 may be formad by the following 
methods. A variety of methods to form the first buffer layer 42 will be described 
first. 

Method 1 

Referring to FIG. 5, a doped compound semiconductor layer 42a (referred 
also to as a "first layer) is formed on a base substrate 40 to relief stress. Here, 

silicon may be used as the dopant. 

Subsequently, an undoped compound semiconductor layer 42b (referred atso 
,o as a "second layer) is formed on the first layer 42a. The first and second layers 
42a and 42b are doped and undoped Group lll-V compound semiconductor tayers. 
respectively. For example, the firs, layer 42a may be a silicon-doped GaN layer, 

and the second layer 42b may be an undoped GaN layer. 

Referring to FIG. 7. on the second layer 42b, another first and second layers 

42a and 42b are sequentially formed. In a similar manner, three first layers 42a and 

four second layers 42b are alternately formed to thereby complete formation of the 

first buffer layer 42, as shown in FIG. 8. 

Method 2 „ 
A first buffer layer is formed in the same manner as Method 1 by alternate a 

p,ura.ity of first layers 42a and a plurality of second layers 42b. except that the in.t.a. 

order of deposition of the first and second layers 42a and 42b is inversed. 
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In particular, unlike Method 1 where the first layer 42a is deposited on the 
base substrate, as illustrated in FIGS. 5 and 6, the second layer 42b is first 
deposited on the base substrate 40, and then the first layer 42a is formed on the 
second layer 42b according to Method 2, as shown in FIG. 9. Next, as shown in 
FIG. 10, on the first layer 42a, another second and first layers 42b and 42a are 
alternately formed to thereby complete formation of a first buffer layer 48 having a 
different structure from the first buffer layer 42 formed using Method 1 . 



Method 3 

10 Referring to FIG. 1 1 , a compound semiconductor layer 42c (referred also to 

as a "first doped compound semiconductor layer) of a first doping concentration is 
formed on the base substrate 40. Second through fifth doped compound 
% semiconductor layers 42d, 42e, 42f, and 42g are sequentially formed on the first 
P doped compound semiconductor layer 42c. Preferably, the first through fifth doped 
Ss compound semiconductor layers 42c, 42d, 42e, 42f, and 42g have gradient doping 
5 concentrations that increase towards the uppermost layer. 

Therefore, the resulting first buffer layer 50 formed using Method 3 has a 
gradient doping concentration that increases upwards. 
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m N ext, a variety of methods to form the second buffer layer 46 of FIG. 3 will be 

ci 

JTj described. 

Method 1 

A second buffer layer is formed in the same manner as for the first buffer layer 
25 42 illustrated in FIGS. 5 through 7, except that the base layer for the second buffer 
layer is the compound semiconductor layer 44, not the base substrate 40. 

Method 2 

A second buffer layer is formed in the same manner as for the first buffer layer 
30 48 illustrated in FIGS. 9 through 1 0, except that the base layer for the second buffer 
layer is the compound semiconductor layer 44, not the base substrate 40. 
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Method 3 

A second buffer layer is formed in the same manner as for the first buffer layer 
50 illustrated in FIG. 11, except that the base layer for the second buffer layer is the 
compound semiconductor layer 44, not the base substrate 40. The resulting 
second buffer layer has the same doping concentration profile as the first buffer layer 
50 of FIG. 1 1 , so that the doping concentration profile of both the first and second 
buffer layers combined with the compound semiconductor layer 44 is asymmetrical. 

Method 4 

A second buffer layer is formed in the inverse order to Method 3. Referring 
to FIG. 12, a second buffer layer 52 including the first through fifth doped compound 
semiconductor layers 42c, 42d, 42e, 42f, and 42g is formed on the compound 
semiconductor layer 44. In Method 4, the fifth doped compound semiconductor 
layer 42g of the highest doping concentration is first formed on the compound 
semiconductor layer 44, and the fourth, third, second, and first doped compound 
semiconductor layers 42f, 42e, 42d, and 42c are sequentially formed. When the 
first buffer layer 42 is formed using Method 3 and the second buffer layer 46 of FIG. 
3 is formed using Method 4, the doping concentration profiles of the first and second 
buffer layers 42 and 46 are symmetrical about the compound semiconductor layer 
44. 

The present invention will be described in greater detail by means of the 
following experimental examples. 

Fx perimental Example 1 

The inventor experimentally fabricated a GaN substrate as a Group lll-V 
compound semiconductor substrate. Gallium (Ga) and ammonia were used as 
precursors to form the GaN layer, and nitrogen (N 2 ) gas was used as a carrier gas. 
The GaN layer was grown using hydride vapor phase epitaxy (HVPE). and a 
horizontal open flow reactor was used as a growth furnace. 

In particular, a sapphire substrate was loaded into the reactor, followed by 
surface treatment with ammonium (NH 3 ) gas and hydrogen chloride (HCI) gas. 
Subsequently, a silicon-doped GaN layer of a 30- M m thickness was formed as the 
first buffer layer 42 (see FIG. 3), and a silicon-doped GaN layer of a 250- M m 
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thickness was formed as the compound semiconductor layer 44 (see FIG. 3). A 
silicon-doped GaN layer of a 20-//m thickness was formed on the 250-/zm-thick 
silicon doped GaN layer as the second buffer layer 46 (see FIG. 3). The sapphire 
substrate on which the GaN layers had been grown was removed from the reactor to 
thereby complete formation of a crack-reduced GaN substrate over 1 hour. 

The formation of the 30-/zm-thick GaN layer as the first buffer layer will be 
described in greater detail. A silicon-doped GaN layer was first formed on the 
sapphire substrate to a thickness of 3 ^m, and dichlorosilane (SiH 2 CI 2 ) gas was 
flowed over the resulting GaN layer at 1 seem to form a 2-/zm-thick silicon-doped 
GaN layer. This alternate deposition of the two GaN layers was repeated to form 
six GaN layers of a total thickness of 30-//m. 

The 20-,um-thick silicon-doped GaN layer was formed of four GaN layers by 
alternate deposition of the two layers described above. 

The 250-Aim-thick GaN layer was grown at a rate of 60 /^m/hour while 
simultaneously being doped with silicon. 

Experimental Example 2 

The same conditions as in Experimental Example 1 were applied, but 
processes to form a 30- M m-thick silicon-doped GaN layer as the first buffer layer and 
a 20-Mm-thick GaN layer as the second buffer layer were varied from Experimental 
Example 1 . 

The 30-Aim-thick silicon-doped GaN layer for the first buffer layer was formed 
by sequentially forming five GaN layers (referred to as first through fifth GaN layers) 
having a thickness each, with different doping concentrations for each layer. 

In particular, the first GaN layer was formed as an undoped layer, and the 
second GaN layer was formed by flowing a dichlorosilane gas as a dopant source 
gas over the compound semiconductor layer 44 at 0.1 seem. The third, fourth, and 
fifth GaN layers were formed by flowing the dichlorosilane gas at 0.2. 0.3, and 0.4 
seem, respectively. The first through fifth GaN layers, i.e., the 30 M-m-thick 
silicon-doped GaN layer, had gradient doping concentrations that increased towards 

the uppermost layer. 

Like the 30-Mm-thick GaN layer formed as the first buffer layer, the 
20-Mm-thick silicon-doped GaN layer for the second buffer layer was formed by 
sequentially forming on the compound semiconductor layer 44 five GaN layers 



(referred to as sixth through tenth GaN layers) having a 4- M m thickness each, with 
different doping concentrations for each layer. However, the doping 
concentrations of the sixth through tenth GaN layers gradually decreased towards 
the uppermost layer, which is opposite to the doping concentration gradient of the 
first through fifth GaN layers forming the first buffer layer. 

In particular, the sixth GaN layer was first formed with the highest doping 
concentration by flowing the dichlorosilane gas over the compound semiconductor 
layer 44 at 0.4 seem. Next, the seventh, eighth, and ninth GaN layers were formed 
by flowing the dichlorosilne gas over the compound semiconductor layer 44 at 0.3, 
0.2, 0.1 seem, respectively, so that the doping concentration of each layer was 
gradually decreased. The tenth GaN layer was formed as an undoped layer, 
followed by the same processes as in Experimental Example 1 . 

FIG. 13 is a photograph showing the topology of a GaN substrate having a 
2-inch diameter and 300- M m thickness, which was experimentally manufactured 
using a method according to the present invention. FIG. 14 is a photograph 
showing the topology of a GaN substrate formed using a conventional method to 
have the same size and thickness as the GaN substrate of FIG. 13. 

As shown in FIGS. 13 and 14, no crack is observed in the GaN substrate 
formed according to the present invention, whereas cracks 100 are observed in the 
GaN substrate formed using the conventional method. 

The present invention may be embodied in many different forms, and the 
embodiments described herein are merely illustrative and not intended to limit the 
scope of the invention. For example, it will be appreciated to those skilled in the art 
that materials other than silicon can be used as dopants, and the spirit of the present 
invention of using a buffer layer can be applied to non-compound semiconductor 
substrates or other compound semiconductor substrates not mentioned above. In 
addition, a different material layer from the compound semiconductor layer 44 can be 
used to form the first buffer layer between the base substrate and the compound 
semiconductor layer 44, which is removed later together with the base substrate. 
Although the first buffer layer was formed by alternating a doped layer and an 
undoped layer in an embodiment, two layers having different doping concentrations 
may alternate to form the first buffer layer. Alternatively, the first buffer layer may 
be formed by alternating doped (undoped) and undoped (doped) semiconductor 
material layers, and the second buffer layer may be formed of a semiconductor 
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material layer having a gradient doping concentration that increases or decreases 
towards the uppermost portion. Therefore, the spirit and scope of the present 
invention should be defined by the appended claims, not by the embodiments 
described above. 

As described above, by forming a buffer layer to relief stress between a base 
substrate and a main substrate, i.e., a compound semiconductor layer, by forming an 
additional buffer layer on the compound semiconductor layer, a difference in stress 
between the base substrate and the compound semiconductor layer can be 
minimized to thereby reduce occurrence of cracks in the compound semiconductor 
layer. The result is a high-quality compound semiconductor substrate, such as a 
GaN substrate, which is a representative example of Group lll-V compound 
semiconductor substrates. 
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